Abstract: Magnetic Particle Spectrometry is a straight forward technique to study the dynamic behaviour of super paramagnetic iron oxide nano particles. To ensure the same particle behaviour in the spectrometer as in a scanning device one has to measure the multi dimensional excitation response. By having a multi dimensional drive field with sufficient homogeneity, one can calculate various characteristics of the used tracer material. In this work, a drive field saddle coil geometry with optimized field profile and low power consumption is presented. The simulated and the measured field profiles are compared.
Introduction
In magnetic particle spectrometry (MPS) the imaging tracer agent for magnetic particle imaging (MPI) is characterized by the response to an external oscillating field (drive field) [1, 2] . In contrast to an MPI scanning device, the spectrometry has no selection field, but may have an homogeneous offset field [3] . To conclude from the magnetization of a particle to its performance in a scanning device, spectrometers lack of a multi-dimensional drive and offset field. As the particle response is highly determined by the applied fields, one has to ensure that each particle in the measurement volume is exposed to the same field properties. To provide these fields, a saddle coil with high homogeneous field profile is needed. As the coil in an existing setup is cylindrical, the second field generator has to be placed around.
Methods
The existing spectrometry setup for x-direction consists of one circular tube coil with an outer diameter of 56 mm. The perpendicular field generator is placed around the existing coil. By starting with an ideal current distribution on an infinitely long cylinder with radiusr around the x-coil
is generated inside of r 2 y + r 2 z <r [4, 5] . To approximate the continuous current distribution by discrete wires, their position is determined that the current distribution integral Moving from an infinite long cylinder to a finite one the wires will be connected at the ends by litz wire placed on the cylinder surface. For drive field coils, a sufficient cable cross section has to be provided to avoid high power consumption. However, bigger cross sections limit also the complexity of the coil due to cable properties like minimal bending radius. With the used litz wire of 2000 × 50 µm an appropriate wire count N wires = 8 was chosen. With the wire positions shown in fig. 1 , a magnetic field profile was simulated using a simulation environment developed in our institute [6] . The field of view (FOV) was chosen at the center of the tube with a size of 5 × 5 × 5 mm 3 . In the MPS, a 10 µL sample is placed inside an Eppendorf micro tube. A field strength of 20 mT within the FOV is simulated. With this simulation one can calculate the maximal relative field error
Assuming a time independent current distribution, it is possible to calculate the sensitivity profile h(r) of the coil Resulted half-coil geometry for N wire = 8. By placing two half-coils faced to each other the simulated coil geometry is achieved [6] .
Results
The simulated field error for the xy and the yz plane is shown in fig.3 . To achieve a field of H(O) = 20 mT field amplitude one can determine the current in the coil by solving
The manufactured coil can be seen in fig.2 . The length of the coil has been chosen to 60 mm, which is a trade off between power consumption and manufacturing complexity. The simulated and the measured field values in x-direction are shown in fig.3 . As the measuring probe has a dimension of 1 mm in each direction, the measurement grid is limited. The relative field error inside the FOV is below 3.3 · 10 −3 . Considering the volume of the delta sample of approximately 2.2×2.2×2.2 mm 3 , the homogeneity is even better if the positioning of the sample inside the coils is precise enough.
Discussion
A coil geometry that provides a high homogeneous field profile at sufficient low power consumption was presented. With such a geometry multi dimensional spectrometry without introducing errors due non homogeneous excitation of the particles becomes possible. With a current of I = 60 A, the coil has a measured power consumption of P ≈ 58 W. As the conductivity of copper is temperature dependent, an active control circuit may be necessary to avoid field strength drifts.
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